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complete, have so far been unsuccessful in improving the | 
performance of bushings operated in a salt—fog. 
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a 
INTRODUCTION 
| This report is the second of a series entitled, "The Operation ef 5 


Ky Glass and Porcelain Bushings in a Salt-Fog Atmosphere". A summary of the 
general problem of operating bushings in a salt-fog atmosphere appears in Re= 
port I, T.I.5S. Report Number 50TP170. 


| the present report summarizes the results of all the work performed to date 
| and not covered by Report I. 


The bushings used for these tests are of the type designed for 15 kvar 


power factor correction capacitors. Samples included standard Go. glass 
bushings, standard GE. porcelain bushings, and various modif ications of both | 
glass and porcelain bushings. Voltage ratings were 5 kv and &7 kvo 

PURPOSE be es 


The purpose of the work covered by the present report ise 


‘1. To reduce or eliminate the deposition of salt on the surfaces of high 
voltage glass bushings. | | | 


2, To compare the operation of a modified contour 5 kv GE. porcelain 
pushing with a standard 5 kv GeE. porcelain bushingo 


3. To compare the operation of a modified contour 14B25, 8.7 kv GoEo 
amber glass bushing with a standard 14B5, 8.7 kv GE. amber glass bushings 


4. To determine to what extent semi -conducting surface coatings improve 
bushing performances iy 


SUMMARY OF RESULTS 


The nine photographs and eleven curve sheets grouped at the end of this 
report were selected to give a brief summary of the significant results of the 
tests conducted. Also included is a schematic diagram of the leakage current 
surge counter used throughout most of the test runs. 


CONCLUSIONS 


1. The oversize 5 kv GE. porcelain bushing had a total of 68% fewer : 
leakage current surges above 10 ma. and also less surface deterioration than the 
standard 5 kv Geo porcelain bushing» Figures I, II, and X. 


2. The modified contour 14B25, 8.7 kv amber glass bushing had a total of 
18% fewer leakage current surges above 10 mae and also less surface deteriora- 
tion than the 14B5, 8.7 kv GE. amber glass bushing. Figures III and Xo 3 


ee Semi-conducting Rescon surface coatings, partial and complete, have, 
so far, been unsuccessful in improving the performance of bushings operating 
in a salt~fog atmosphere. Figures IV, V, VI, XI, XII, and XIII. 


he Salt deposition and surface deterioration have been greatly reduced on 
14B4, 5 kv Gok. amber glass bushings that had the insulated moisture resistant 
cable and bushing terminal connection sealed against moisture by Kearney 
"Airseal", Figures VII, IX, XVI, and XVIII. 
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LEAKAGE CURRENT SURGE COUNTER 


The pitting and chipping observed on glass and porcelain bushings has been : : 
| pegan with the application of voltage to the test samples following which the 


found to be caused by thermal shock resulting from are discharges spitting a- 
cross the moist bushing surfaces. The heat of these ares was sufficient to 
compress localized areas of the surface in excess of the strength of the glass | 
or porcelain glaze, and thereby cause chips to flake off. It has also been 
observed that the degree of surface deterioration varied from one type of 
bushing to another and with the amount of arcing observed. 


In order to understand better these are discharges and the effect on the 
arcing rate of factors such as contour design, six leakage current surge — | 
counters were constructed. Each surge counter was constructed according to the 
schematic diagram shown in Figure XIX. The operation of these surge counters ~ 
is dependent primarily on the instability of the moisture film on the bushing © 
surface. When one area of the bushing develops a thinner, high resistance film, 
a predominant amount of voltage appears across this drier area. If the voltage 
that appears is sufficiently great, an are short-circuits what was formerly a — 
voltage-carrying surface and the ampere level reached is then limited largely — 
by the resistance of the remaining film, This increased resistance quenches | 
the are and reduces the leakage current to a lower values — 


Briefly, the method of detecting and counting the leakage current surges 
is as follows: The mounting flange of the test bushing is connected to ground © 
through the secondary winding of a 6.3/115 volt filament transformer. When an 
arc occurs, the current surge induces a voltage in the primary of the filament 
transformer which bucks the negative d-c bias on the grid of the 884 Thyratron 
tube. This triggers the Thyratron tube which then conducts sufficient current 
to operate the surge counter. The surge counter has a contact arrangement that 
opens the plate circuit of the Thyratron tube immediately after the counter 
operates. Opening the plate circuit stops the flow of current and allows the 
grid to regain control of the tube. The circuit is then ready to count the 
next current surge. ; 


The surge counters were set to record all current surges above a crest 
value of 10 ma. This value may be adjusted as desired by changing the negative © 
bias voltage, Figure XX shows a curve of the crest value of leakage current 
surges vs. the magnitude of the negative bias supply. 


Observations made with the use of a G.E. wide band oscilloscope have shown 
the surge counters to be very reliable. co 


DESCRIPTION OF MATERIAL TESTED 


Standard 14B4, 5 kv centrifugally cast, amber, A50P69 glass bushingse 


le 

2. Standard 14B5, 807 kv centrifugally cast, amber, A50P69 glass bushings. 
Modified contour 14B25, 8.7 kv centrifugally cast, amber, A50P69 glass 
bushingo » | | 

4. Standard 5 kv G.E. porcelain bushing» 

5. Oversize 5 kv GeHo porcelain bushings, K=5239328 AB, G-8. 


eg 
ays 
Pa 
Oi 
ie 


“yeTHOD_OF TEST 
‘yptHon_OF TEST 
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RESULTS 


were taken of most of the bushings following test 


eliminates all arcing for long periods of time. 


there may be some kind of conducting coating that 
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als samples were clean and dry when placed in the fog chamber. Each run 


fog generator was started. The test runs were all conducted with a voltage of 


ky applied to the test sampleso | : 


The sample surfaces were examined frequently during a test run and the 


| samples were removed from the test after sufficient surface deterioration had 


The results of the examinations were recorded and in some 


peen observed. | 
‘Also recorded on each run were data such as 


cases photographs were taken. 


length of run, salt content of fog and applied voltages 


1. The results of the various tests on samples in a salt-fog conducted 
between August 1, 1950 and June 6, 1951 are summarized in Table I. Photographs 
and are reproduced at the 
end of this report (Figures I through IX). | 

2, The results of the readings taken from the leakage current surge 
counters on the various samples for each run are shown by the curves in Figures 
X through XVIII. | 


DISCUSSION OF RESULTS 


The data obtained by the use of the leakage current surge counters indi= 


eate that, after a bushing has been operating for some time, an apparently 


This steady current flow practically 
It would be interesting to 
know the magnitude of these steady leakage currents and their effect on surface 
deterioration. That their effect is considerable, is suggested by Figure III 
(a). This bushing operated for 278.8 hours before failing. After about the 
first 50 hours of the test, the rate of rise in the number of leakage current 
surges was negligible. | 


steady flow of leakage current begins. 


It is possible that leakage current much lower than 10 ma. may cause sur- 
face deterioration. Perhaps these low-level leakage current surges occur at a 
much higher rate, which more than makes up for the low current magnitude in its 
effect on surface deterioration. | 7 


would probably shed more light on the 


An investigation of this hypothesis 
This in turn would be a great help 


actual phenomena of surface deterioration. 


in the investigation of semi-conducting coatings used for distributing voltage 


terminal or a ground flange or for pro- 


stresses adjacent to either a bushing | 
the entire bushing surfaces 


ducing a uniform voltage distribution over 


Although semi-conducting coatings have been unsuccessful, so far, it is — 
worth noting (Fig. XIII) that the test samples, with internal coatings, had very 
few current surges in the early stages. This would lead one to believe that 
would greatly reduce surface 


deterioration. 
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11-20-50 to 12-12-50. Test time ~ 300 hours at 2.5 kv. 


In locations where insulated, moisture resistant cable is used throughout) pun Noe < 
— Salt fog contained 10% NaCl and 1.2% MgCloa by weight. 


the transmission lines, it is possible to reduce greatly the salt deposition 
and surface deterioration on bushings. This is accomplished by completely | 
covering all bare, high voltage, conducting material at the cable and bushing ~_ 
terminal connection with Kearney "Airseal". © | | 


gs__(See Figures If and IIL) 


_Test Bushin, 


(a) Oversize 5 kv porcelain K=5239328 AB G8 


Kearney "Airseal" is a pliable high-dielectric-strength compound which ish (ob) 5 Kv Ge. porcelain 
chemically inert and is claimed by the manufacturer to be unaffected by con=- | | (c) 5 Kv Ge. amber glass, 14B4 
taminated atmospheres. The dielectric strength of this material was found by | (d) “Modified contour 8.7 kv G.E. amber glass, 14B25 
test to be about 333 volts per mil. This compares with a dielectric strength — SS. —-(e) 8.7 Kv GE. amber glass, 14,35 | 
of 80 volts per mil for a sample of Johns-Manville Duxseal, having the same | i: | 3 : 
thickness. 9 Gime on Test | __Number of Leakage Current Surges above 1O ma. 
Tests were conducted in which Duxseal was used to insulate the bushing | eae ee ae: See 
terminal and’ cable connection, However, this material did not stand up for heb 20 L,42h 61,0 456 1, 096 
long because of its poor dielectric strength under the high voltage stress lise 1, 600 8,012 3,637 63,432 £121 
about the bushing terminal. | | 31.0 2, 718 18, 320 12, 242 B20 7, 688 
| | A2ol My LO2 41,146 2h, bh 6,44) 9 10,8395 
The success of Kearney Airseal in eliminating the surface deterioration B2eh B37 79 141, 557 26, 256 11,016 30, 051 
of the bushings is most apparent in a comparison of the photos of the pro= 100.0 [pas 50,484 146, 570 26,429 11,019 65, 399 
tected and the unprotected bushings (Figs. III, VII and IX). The use of in- 106.1 50,484 157,927 30,578 11,019 70, 998 
sulated cable and Airseal practically eliminated the current surges during the 120.5 50,484 174,618 BIVL78 «11, O89 73,679 
first 100 hours of the test runs and greatly reduced their number for the com | ’ 131.06 50 Gh MOGl725u 0. 999788 11,019 «Ta, O74 
plete 350-hour run. It also appeared to minimize the effect of the arcing LAhee 50, 484 194, 893 34, 299 48,720 Th, 519 
when it did occur. This may be because the Airseal, by increasing the re- 1L5hok 352,458 199, 219 35, 548 55, 65k 79, 71h 
sistance of the discharge path, reduces the magnitude of the current surgeSo 172.00 % 654 779 248,679 36, 868 64, 278 89, 262 
| | el : ae | 180.0. 56,886 263,920 37,108 67,318 91,072 
‘The increase in counting rate after 250 hours (Fig. XVIII) indicates that 186.2 57, 867 272,877 37, 203 69, 922 101, 926 
further investigation may be necessary to establish the life expectance for _ 200.0 58.056 «276,475 37, 220 85,536 102,056 
this material. 21002 (By DO] tare 95518 87,024 91,976 116,805 
22205 89, 538 293,090 39,729 104, 057 120, 7h4 
TABLE I 24803 98,301 901,428... A1,092 104,452 - Le059el 
29803 99,489 305,998 ~ hL,287 © 105,035." 121,316 
SUMMARY OF RESULTS OF SALT-FOG TESTS 270.0 1610059 309,316: mibs324 105,072 L2Le 
Siti tivo | . 7 | 278.8 10;.600. 312,956 44,201 107,817 Len 2m 
Run No. 1 81-50 to 10-27-50. Test time - 550 hours at 2.5 kv. 6291.3 104, 656 326, 859 (broke 108, 743 151, 554 
ee ee Salt fog contained 10% Nacl and 1.2% MgCly by weight. . 300.0 (104,674 333,177 in two) 108,823 131, 836 


Results Run No. 3) 11-27-50 to 11=29=50. Test time - 50 hours at 2.5 kv. 


Test Bushings 
Salt fog contained 10% NaCl and 1.2% MgClo by weight. 


(a) Ovetsize 5 kv porcelain 
K=5239328 AB G8 


Frequent arcing, heavy tracking © 


top petticoat. (See Fig. I) (Gee Fis 


Test_ Bushings ure IV) 
5 Kv GE. glass, 14B4, with Rescon coat over first 


Frequent arcing, scattered heavy Gal) 
| 1-1/2 petticoats. Resistance = 1.5 megohms. 


(b) 5 Kv GeE. porcelain 
tracking. (See Fige I) 


(c) 5 Kv GE. amber glass Frequent arcing, scattered heavy | (Bb) 5 Ry G.E. glass, 14B4,, with Rescon coat over first 
tracking. 3 11/2 petticoats. Resistance - 70 megohms. 
(d) 5 Kv G.E. glass, coated Very frequent arcing, coating : (c) 5 Kv G.E. glass, 14Bhe 


with F 1113 badly burned. | | | 
fe, | (d) 5 Kv G.E. glass, 14B4, with Rescon coat over first 


Very frequent arcing, coating 1-1/2 petticoats. Resistance - 150 megohms. 


(e) 5 Kv GE. glass, coated 
badly burned. 


with R 402. | | | 
(e) 8.7 Kv GE. glass, 14B25. 


Time on Test 


« 
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Number of Leakage Current Surges above 10 ma. 


yn Noe 2 


a es 


1-25-51 to 2-3-51, 


+" Fe ee Oey : ot ih eas oa ba een Ch NS!) Sy oS b 
: Tareas : Mee 3 . Bi Ys 
Bred x Pa ~ SSS eee 14 ee) - 
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Test time - 156 hours at 2.5 kv. 


Hours Bushings: (a) Leye (c) Cd) | Salt fog contained 10% NaCl and 1.2% MgCl, by weight. 
2.0 298 0 458 0 1,195 a Test Bushings _ ) Results 
100 1, 838 377 gig 0 2,088 oc 
60 3,019 4.537 L238 804 Be > AA (a) 5 Kv G.E. glass, 14Bh4. Frequent arcing, scattered heavy 
800 3, 273 2,000 ox 1272 1,376 13, 964 ] | : tracking. | 
10.3 34 61,3 2, 194 1,308 © 1,575 20, 829 F 
12.1 3, 741 2,194 1,491 1, 993 25. 360 (pb) 5 Kv G.E. glass, 14B4, sus~ Infrequent arcing, scattered 
1h ot LT 5 2, AWS Lg bOO 3,532: 8 B14, 338 4 pended from 2TW Rome Moisture light tracking. 
16,2 4,702 2,197 | sLy99e 5,613 . 38.387 Resistant Grade Cable. Dux= 
26.0 D5 LA Lyieee 2,622. -8, 452: 49, Sid seal covering terminal, cable 
30.0 5, 205 2, 245 3,458 1,143 0, 355 and top of first petticoat. 
37 03 6, 937 9,031 35778 20, 700 68. 811 q | , 3 
: 5000 30, 162) 11, 261 hb. 239 25,165 83. 636 mic) 5 Kv G.E. glass, 14BA. Frequent arcing, scattered heavy 
ca tracking, 
Run Noo 4» 18-51 to 1-12-51. Test time = 100 hours at 265 Kv. i 


Frequent arcing, coating badly 


(a) 5 Kv GE. glass, TAB, sus— 
: burne do 


pended from 2TW Rome Moisture 
Resistant Cable. Terminal, 
cable connection and bushing 
covered with Insul Xo 


Salt fog contained 10% NaCl and 1.2% MgClo by weighto 


Test Bushings (See 


(a) 5 Kv GE. glass, 14BL, with Rescon coat over bottom 


1-1/2 petticoats. Resistance - 3 megohms 
Pee eahercG maak | 
Time on Test noe Bushings © 


Hours 


eee ve 5 Heghanaaldeskaees havent 
Time on Test seeeG -pasnihge 


(b) 5 Kv GE. glass, 14B4, with Rescon coat over bottom 


1-1/2 petticoats, Resistance - 50 megohms Hours (a) 
Ce) 5 Kv GE. glass, 14Bh. 10.0 Ene 9) 1509 2h, 867 8 
oe So Bi hee 692 . 776 — 2he3 20,932. ah 
(dq) 5 Kv GB. glass, 14BA, with Rescon coat. over botton 601 47,070. Lh Ok7 3909 26, 932 D4 
el/2 petticoats. Resistance - 300 megohms 86.0 76,083 <21,07k AB od 26, 94,6 83 
ee —Ohok 78,888 21,173 6701 27, 017 233 
Time on Test | Number of Leakage Current Surges above 10 ma. 110.0 78, 897 21,173 8507 31 gab: 9,630 
Hours Bushings: (a) _ CB ne) pee : 118 05 19, 913 21,381 
Rod » 376 0 05.22 0 ‘Run No. 6 2-551 to 2=9-51. Test time - 100 hours at 2.5 kv. 
807 2, 868 676 2, 397 1. O70 _ «Salt fog contained 10% NaCl and 1.2% MgClo by weight. 
2307 S091. havea 2, 398 9,696 | , 
2700 3,091 1, 843 2, 400 9, 696 Test Bushings (See Figure VI) 
30.0 Byl0le” S057) 65 B65. 10.663 , 
320k Lh, 571 Dd, 206" 2k VO. 131 “= 5 Kv GE. glass, 14B4, with internal Rescon coating from 
4709 7,608 5, 46h 2,41 10,290 : terminal to ground flange. Resistance ~ 2760 megohms. 
5609 4H = 5 OS ey 10 39K . : ee ae 
1302 10,141 54756 2, 526° 10,408 a (b>) 5 Kv GE. glass, 14B4, with internal Rescon coating from 
Ble2 10, 223 beak 15, 242 10, 408 terminal to ground flange. Resistance - 9000 megohms. 
8802 10,223 5,819 15,936 16,289 | 
100.0 10, 285 5,905 17,186 27.075 Ce) 5 Kv GoB: glass, 14B4, with internal Rescon coating from 
| ; terminal to ground flange. Resistance = 2860 me gohms o 


(d) 5 Kv GE. glass, 14B4, no internal resistance. 


(e) 5 Kv GE. glass, 14B4, with internal Rescon coating from 
terminal to ground flange. Resistance ~ 42,000 megohms. 


(f) 5 Kv GE. glass, 14B4, with internal Rescon coating from — 
| terminal to ground flange. Resistance ~ 855 megohms. 


#¥ 
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__\umber of Leakage Current Surges above 10 ma, 


‘Time on Test 
Test Bushings 


- Hours 


Time on Test 


Bushing | 


_Test Bushings (; 


Hours Cy eae (aS Ce (ey | 5 oo oe 
2.0 ee 0 0 203 859 Counter L, | 6,020 22 a 
dlini: 573 ee 20h 2,734 under 21 oe: Ay a 
oO 1,484 2,152 3,405 264, as (ae repair, 2) 31,080 7 2 Ti 
.3 W767 2G” a si, 302, . 2,788 oie 30 rate - im 194 
0.6 22.931 3,423 3,502 +» 38,191 2,738 4) gp las 202 
703 28,728 4,486 3,502 48,695 2.738 57 31.476 ee 363 
dak 30,283 5,782 BHO 8044.39.12 2,989 62 325329 Hane ie 
61.0 30,030 Wh, 235 BhTLB S196 95 . 65 35,805 — ad ts A 
6867 90,727 ya BFS nt Si, bb. 1 2, 8ks ' 69 39 226 sae ee 
100.0 43,553 27.983 ip ah 81 251 18. bar F 85 40, 680 Tete ee 
3 93 a0,878 | 85,89 Hone 
fun Noe 7 3-5-51 to 3-9-51. Test time - 100 hours at 2.5 kv. 4 98 , fe gee ne al Ie a 
Salt fog contained 10% NaCl and 1.2% MgCl2 by weight. 3 aoe 2 98. 287 11, 232 


“Bushing #1 would no longer hold the voltage after 102 hours, so 


(a) 8.7 Kv GE. glass, 14B25,. was removed 


, 
. Run No. 9 5+22-51 to 6-6-51. Test time - 359 hours at 2.5 kv. 


‘b) 65 Kv G.B. glass, 1 B4, suspended from 2TW Rome Moisture | ‘ 
baa ce ie Salt fog contained 10% NaCl and 1.2% MgCl, by weight. 


Resistant Cable. ‘Terminal and cable connection covered . : 

with Kearney Airseal. : AML bushings are 5 kv G.B. amber glass 14B4 bushings connected 

(c) 5 Kv GE. glass, 1B, to the voltage source with Rome 2TW Moisture Resistant cable 
: (See Figo XIX). 


Number of Leakag 


°e Current Surges above 10 Mao 
Test Bushings _ | 


Time on Test Bushing #1) Terminals covered with two 


aounS 7 Bushing #2) = j gr x 3% x 4" pads of Kearney Airseal. 
Hour Om @) eee) 
220k 18, 228 0 487. | | , i Surges abot 
: 3 a ok fame? seakage Current Surges above 10 
32.0 19 16 0 2 6 Time on Test of Lea GE UAOUT MORLEY | Foe EER SUSE WIRE SEC 3 
h6o4 is oe 0 iaren Hours Bushing #1 Bushing #2. Beenine oo 2 
5608 51, 583 0 12,078 a | S 0 0 
68.0 62, 483 0 16, 332 | : 0 0 0 
7803 83,789 0 20, 853 | ee 5 0 1 
9207 84, 993 0 21, 945 yi c 6 ‘ g 
Run No. 8 4-16-51 to 4-26-51, Test time - 120 hours at 2.5 kv. | Spe | 7 a : : 
| "Salt fog contained 10% NaCl and 1.2% MgCl, by weight. Be a 43 13 
3 ag . | oe. a : ca 13 
All bushings are 5 kv GE. amber glass 14B4 bushings | > © | 240° . | i 477 13 
connected to voltage source with Rome 2TW Moisture ae | 3,251 Dy 924, L122 
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